ABSTRACT. Background: Activities of daily living (ADL) in aged hemodialysis patients decrease by many factors as hemodialysis therapy, various disease-related complications and underlying disease for rehabilitation. But the correlation between low ADL and mortality remains unclear. We assessed the levels of ADL and effects of rehabilitation in hemodialysis patients with low ADL. Moreover, the association between the baseline functional independence measure (FIM) or rehabilitation treatment effects and all-cause mortality were investigated. Methods: This prospective cohort study included 182 inpatients on maintenance hemodialysis, who underwent rehabilitation for a decline in ADL. Before and after initiating rehabilitation, ADL were assessed using FIM. Results: The total baseline FIM was 65.1 26.9 (motor items: 39.5 18.7; cognitive items: 25.6 10.7). After rehabilitation, the total FIM increased to 77.1 33.1 (motor items: 50.9 24.4; cognitive items: 26.1 10.8). The baseline FIM, presence or absence of FIM increase, and albumin were significantly associated with mortality. Moreover, the mortality hazard ratio in patients with FIM ! 67 and no FIM increase was 20-fold significantly higher than that in patients with FIM " 68 and FIM increase. The cognitive items and albumin were significantly associated with the rehabilitation effects in multivariate analysis. Conclusions: Although the FIM decreased by half in hemodialysis patients, rehabilitation improved their FIM (particularly the motor items). The FIM was a novel predictive marker of 3-year mortality in these patients, and an increased FIM after rehabilitation resulted in better prognosis. Moreover, the effectiveness of rehabilitation may depend on maintaining cognitive functions.
T he number of patients on hemodialysis increases annually 1 ) . In Japan, the average age of incident hemodialysis patients continues to increase from the previously observed 68.7 years 1) . Activities of daily living (ADL) in aged hemodialysis patients are diminished because of various diseaserelated complications, such as low physical activity and muscle weakness. One study showed that 5.6% patients were completely bedridden 2 ) . Furthermore, the number of patients, who cannot be discharged from the hospital because they cannot make regular visits to the hospital, is increasing 2) . In general, decrease in ADL appears to be associated with mortality; however, the correlation between low ADL and mortality in hemodialysis patients remains unclear.
Rehabilitation improves the physical activities, nutritional conditions, quality of life, and ADL in hemodialysis patients, and is recommended in the kidney disease outcomes quality initiative (K/DOQI) 3) . However, the percentage of hemodialysis patients that do not exercise is 35%, and their 1-year mortality rate is 1.6 times higher than that in the hemodialysis patients that exercise 4, 5) . Renal rehabilitation, a new concept in rehabilitation treatment, has been recently proposed, but is not universally adopted. Therefore, it is very important to examine the effects of rehabilitation treatment to improve prognosis in hemodialysis patients.
We have previously reported the association between the levels of ADL or rehabilitation treatment effects and allcause mortality in hemodialysis patients who have low ADL which is induced by many factors as hemodialysis therapy, various disease-related complications and underlying diseases for rehabilitation 6, 7) . However, their correlation remains unclear. Moreover, we did not consider the levels of ADL or rehabilitation treatment effects at the same time for all-cause mortality. The present study is an extension and a more thorough follow-up of our previous study 6, 7) . In this study, we assessed the levels of ADL using the functional independence measure ( FIM ) , a major marker of ADL, and the effects of rehabilitation. Moreover, we investigated the association between the baseline FIM score or rehabilitation treatment effects and all-cause mortality in hemodialysis patients with low ADL which is induced by many factors as hemodialysis therapy, various diseaserelated complications and underlying diseases for rehabilitation.
Methods

Inclusion and exclusion criteria
609 hemodialysis patients admitted to the hospital between October 1, 2011, and May 31, 2015. First, we excluded the patients admitted for diabetes education and treatment of vascular access. Second, the patients with respiratory disease and poor physical condition were excluded. Moreover we excluded the inpatients without target disease for rehabilitation. Therefore 427 inpatients were excluded, and 182 inpatients were selected as the target for this research.
Study Design and patient characteristics
This prospective cohort study included 182 inpatients on maintenance hemodialysis ( 102 men and 80 women ; mean age: 72.8 9.7 years; mean hemodialysis vintage: 7.8 7.5 years; mean length of hospital stay: 43.2 days), who underwent rehabilitation for a decline in ADL. ADL were assessed before and after rehabilitation. We investigated the prognosis, blood sample data, underlying diseases that needed hemodialysis, and the underlying conditions that needed rehabilitation. During follow up study, 59 patients died and five patients were transferred to the other hospi-tals. The mean follow-up period was 338 269 days (Fig.  1) . The ethics committee of the Saiyu Soka Hospital provided approval for this study (approval number 14) , and informed consent was obtained from each patient.
Demographic, clinical, and diagnostic data
We have examined the following parameters of baseline patient's characteristics; age, sex, dialysis treatment period, underlying diseases for hemodialysis (diabetic nephropathy, chronic glomerulonephritis, nephrosclerosis, polycystic kidney disease, others), underlying diseases for rehabilitation (cerebrovascular disease, fracture, others), hemoglobin, ferritin, albumin, high-sensitivity C-reactive protein, glycated albumin, urea nitrogen, serum creatinine, phosphorus, whole parathyroid hormone, human atrial natriuretic peptide, β2 microglobulin.
Rehabilitation intervention method
Physical therapists ( PT ) and occupational therapists (OT) provided the daily rehabilitation adapted to the life style of each patient; the intervention rehabilitation began at the acute phase. First, the therapists provided range of motion exercises to immobilization patients at their bedsides for the prevention of joint contracture. This was followed by the progress of rehabilitation to focus on mobilization (sitting, standing, transfer, and locomotion) by PT, and focus on ADL (eating, dressing, grooming, as well as cognitive functions) by OT; these depended on the physical condition of each patient.
The rehabilitation periods were 2 to 178 days, and the average period of rehabilitation was 38.4 days. Therapists provided rehabilitation of up to 20 minutes on the day of dialysis, and provided rehabilitation of up to 60 minutes on the non-dialysis day. The average daily duration of the rehabilitation was 46 min. On the day of dialysis, therapists provided rehabilitation before or after hemodialysis treatment. However, there was no significant difference in the intervention time before and after hemodialysis treatment. The duration of rehabilitation on the day of dialysis was less than that on a non-dialysis day, because of tiredness or imbalance in the vital signs of the patients after dialysis.
ADL assessment
ADL were assessed before and after rehabilitation using the FIM (total points: 126), which comprises 13 motor items (total points: 91) and 5 cognitive items (total points: 35), with each item worth 7 points.
Blood sample data
We measured the following in the blood samples on admission : levels of hemoglobin ( Hb ) , ferritin, albumin ( Alb ) , blood urea nitrogen ( BUN ) , creatinine ( Cr ) , inorganic-phosphate ( P ) , whole parathyroid hormone (whole PTH), β2-macroglobulin (β2MG), high sensitivity C-reactive protein (hsCRP), glycated albumin (GA), and human atrial natriuretic peptide (hANP).
Statistical analysis
JMP (version 10) statistical software (SAS Institute, Cary, NC, USA) was used to conduct all statistical analyses. All results are presented as means standard error (SE). We compared FIM score before and after rehabilitation intervention with signed rank test of Wilcoxon. The Cox proportional hazards analysis was used to calculate the mortality hazard ratio (HR) and its 95% confidence interval. Multivariate logistic regression analysis was used to determine the factors associated with the effects of rehabilitation. We selected the following factors for univariate analysis; baseline FIM score, FIM increase, age, sex, diabetes, dialysis treatment period, hemoglobin, ferritin, albumin, high-sensitivity C-reactive protein, glycated albumin, urea nitrogen, creatinine, phosphorus, whole parathyroid hormone, β2 microglobulin, human atrial natriuretic peptide. Univariate analysis for each item was initially conducted, and the multivariate analysis was performed using age, gender and those parameters with P values <0.1. Moreover, the patients were divided into 4 groups based on the median score (67 points) of baseline FIM score and the presence or absence of FIM increase. The mortality HR in patients of 3 groups (the patients with baseline FIM score " 68 and FIM increase; the patients with baseline FIM score " 68 and no FIM increase; and the patients with baseline FIM score ! 67 and FIM increase) was compared with that in patients with baseline FIM score ! 67 and no FIM increase. P values <0.05 were considered statistically significant.
Results
Baseline characteristics of the 182 patients are shown in Table 1 . The underlying diseases that required hemodialysis were: diabetic nephropathy in 64 cases (35.2%); chronic glomerulonephritis in 31 cases (17.0%); nephrosclerosis in 24 cases (13.2%); and polycystic kidney disease in 5 cases (2.7%). The underlying conditions that needed rehabilitation were : cerebrovascular disease in 55 cases (30.2%); and fracture in 39 cases (21.4%).
FIM score before and after rehabilitation (Table 2) The mean total baseline FIM score was 65.1 26.9, and the scores for FIM motor and cognitive items were 39.5
18.7 and 25.6 10.7, respectively. After rehabilitation, the average total FIM score increased to 77.1 33.1, and the scores for FIM motor and cognitive items were 50.9 24.4 and 26.1 10.8, respectively, indicating that scores of cognitive items did not change significantly.
The factors associated with mortality
The baseline FIM score, presence or absence of FIM Table 4) .
The factors associated with rehabilitation effects (Table 5)
The scores of FIM motor items, FIM cognitive items, dialysis treatment period, and levels of albumin, highsensitivity C-reactive protein, creatinine, and phosphorus were the factors with P values <0.1 in univariate analysis. The scores of FIM cognitive items and albumin levels were significantly associated with rehabilitation effects.
Discussion
A study by Stack investigated the relationship between exercise and prognosis in 2507 hemodialysis patients, and found that the mortality ratio of patients who could not exercise was (1.5-fold) higher than that in patients who could exercise 8) . However, to date, few study examined ADL using the FIM, or investigated the relationship between the baseline ADL or ADL improvements and prognosis. In this study, the baseline FIM score and presence or absence of FIM increase were significantly associated with mortality in hemodialysis patients with low ADL which is induced by many factors as hemodialysis therapy, various diseaserelated complications and underlying diseases for rehabilitation, and this is the valuable report that investigated the relationship between the baseline FIM scores or FIM increase and prognosis. Malnutrition, high levels of inflammation and phosphorus, and fluid overload were the important factors for poor prognosis in hemodialysis patients with low ADL. However, in the multivariate analysis adjusted by the prognostic factors (Alb, hsCRP, P, and hANP), the baseline FIM scores and FIM increase were correlated with poor prognosis. Moreover, the mortality HR in patients with FIM score ! 67 and no FIM increase was significantly (20-fold) higher than that in patients with FIM score " 68 and FIM increase. One reason for the strong relationship between the FIM score and prognosis may be that FIM is not merely a marker for ADL, but a comprehensive marker that indicates the total viability of the patient.
Imada et al. reported that, among the patients with high FIM cognitive item scores, the scores of FIM motor items were improved significantly in stroke patients, but not in hemodialysis patients 9) . However, no study analyzed the factors associated with the effects of rehabilitation in hemodialysis patients. In our study, the scores of FIM cognitive items were significantly associated with the effects of rehabilitation in hemodialysis patients. Cognitive functions such as memory, will, understanding, and judgment are low in the patients with low FIM cognitive item scores. Their ability to learn by exercise is low due to defects in memory, and their willingness to follow a rehabilitation program is also low. Conversely, the patients with high FIM cognitive item scores have high willingness to follow a rehabilitation program, and to exercise voluntarily. Moreover, they have high communication abilities and strong trust relationships. These factors make the course of rehabilitation treatment easy to decide, and as a result, ADL improve significantly.
Some earlier studies have reported the baseline FIM scores and FIM increase scores after rehabilitation in hemodialysis patients [10] [11] [12] [13] [14] . However, all the studies investigated outpatients, and the baseline characteristics of their patients varied greatly. Therefore, the baseline FIM scores and FIM increase scores after rehabilitation in those studies were not consistent. In our study, the mean baseline FIM score was 65.1, and the reason for the low score might be that our patients were inpatients.
In this study, the score of FIM motor items improved with rehabilitation, but the score of FIM cognitive items did not. Cockburn and Keene et al. reported that Mini-Mental State Examination (MMSE), a marker of cognitive function, decreased by 10 points after 4 years without rehabilitation intervention 15) . The cognitive functions of patients with a low cognitive function score are more likely to decline without targeted interventions. Therefore, the minimal changes in the cognitive functions of patients observed in this study might reflect the improvements due to the rehabilitation intervention.
This study has several important limitations that should be considered when interpreting the results. First, we could not investigate the factors which induced ADL decrease in hemodialysis patients. Many factors as hemodialysis therapy, various disease-related complications and underlying diseases for rehabilitation might induce ADL decrease in hemodialysis patients. However, we thought that dialysis treatment period did not affect ADL decrease in hemodialysis patients from the results of this study. Second, we did not investigate the detailed methods of rehabilitation intervention in the analysis of the factors associated with rehabilitation effects, which may be important to determine the effects of rehabilitation intervention. Third, we did not examine the effectiveness of rehabilitation without low ADL. It is important to investigate the effectiveness of rehabilitation in all hemodialysis patients with or without low ADL, necessitating further extensive research. Moreover, the research which is compared hemodialysis patients with non-hemodialysis patients should be examined to clarify the effects of rehabilitation for hemodialysis, necessitating further research.
In conclusion, despite the 50% decrease in the FIM score in hemodialysis patients with low ADL, rehabilitation improved their FIM scores, and the scores of motor items, in particular. Our study demonstrated that the FIM is a novel predictive marker of 3-year mortality in these patients. An increased FIM score after rehabilitation results in better prognosis, and the effectiveness of rehabilitation may depend on maintaining the FIM cognitive score. Our findings suggest the need for comprehensive strategies to enhance the ADL in hemodialysis patients.
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